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(57) A copper-based alloy characterized by being 
an alloy which has a composition consisting of 58.0- 
63.0 wt.% copper, 0.5-4.0 wt.% lead, 0.05-0.25 wt.% 
phosphorous, 0.5-3.0 wt:% tin, 0.05-0.30 wt.% nickel, 
and the balance consisting of zinc and unavoidable 
impurities and has homogeneously and finely divided 
structure so as to have excellent corrosion resistance 
and hot workability, and by being an alloy which 
becomes excellent also in resistance to stress corrosion 
cracking through an appropriate drawing and heat treat- 
ment by both of which mechanical properties, e.g., ten- 
sile strength, proof stress, and elongation, are improved 
and the internal stress is sufficiently removed. The cop- 
per-based alloy has the hot forgeability inherent in lead- 
containing brass and has excellent resistance to dez- 
incification corrosion. It is economically advantageous 
because the material cost is low due to the use of phos- 
phorous for improving corrosion resistance. Further- 
more, it becomes excellent also in resistance to stress 
corrosion cracking through an appropriate drawing and 
heat treatment. 
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Description 

[0001] Copper-based alloy excelling in corrosion 
resistance, hot processing property, and stress-corro- 
sion cracking resistance and method for production of 
the copper-based alloy 

Technical Field 

[0002] This invention relates to a copper-based 
alloy excelling in corrosion resistance, hot processing 
property, and stress-corrosion cracking resistance 
(SCC resistance) and a method for the production of the 
copper-based alloy, and more particularly to a copper- 
based alloy, namely a material which requires dezincifi- 
cation corrosion resistance in the presence of a corrod- 
ing aqueous solution and which is utilized as a 
machining material, used in a field requiring a hot 
processing property such as hot forging property, fur- 
ther utilized in a state having stress such as of caulking 
applied thereto, and moreover utilized extensively in a 
field requiring stress-corrosion cracking resistance as 
well as dezincif ication resistance and a method for the 
production thereof. 

Background Art 

[0003] As copper-based alloy materials, a forging 
brass bar (J IS C3771), a free-cutting brass bar (JIS 
C3604), a naval brass bar (JIS C4641), a high-strength 
brass bar (JIS C6782), and the like are generally known. 
[0004] Since these copper-based alloys have vari- 
ous defects and do not prove satisfactory, various 
improved copper-based alloys have been proposed 
heretofore. 

[0005] The present applicant has already proposed 
a copper-based alloy excelling in dezincrfication corro- 
sion resistance and hot processing property as pub- 
lished in JP-A-07-207,387. 

[0006] Though the alloy of this publication exhibits 
fine characteristic properties and find actual utility in a 
wide range of fields, it has evolved the below-mentioned 
problematic point with the elapse of time of actual serv- 
ice. The desirability of developing an improvement 
directed at overcoming the problems, therefore, has 
been finding growing recognition. 
[0007] To be more specific about this point, in a test 
for dezincification corrosion to be performed in the 
atmosphere of a corrosive liquid, this alloy possibly suc- 
cumbs to local corrosion. Further, this copper-based 
alloy, when used as a cutting material or used in a state 
exposed to stress such as caulking, possibly sustains a 
stress-corrosion crack. 

[0008] This invention has been perfected by a dili- 
gent study initiated in the light of the problematic point 
mentioned above. It has for an object thereof the provi- 
sion of a copper-based alloy exhibiting a fine dezincifi- 
cation corrosion resistance in the atmosphere of a 



corrosive liquid and excelling in hot processing properly 
and stress-corrosion cracking resistance and a method 
for the production thereof. Disclosure of the Invention 
[0009] One aspect of this invention concerns a cop- 

5 per-based alloy having a composition of 58.0 to 63.0% 
of Cu, 0.5 to 4.5% of Pb. 0.05 to 0.25% of P, 0.5 to 3.0% 
of Sn, 0.05 to 0.30% of Ni, and the balance of Zn and 
inevitable impurities (weight %) and having the ratio of P 
arid Sn so adjusted as to satisfy the expression, 

w P (%) x 1 0 = (2.8 to 3.98) (%) - Sn (%) . 

[0010] Another aspect of this invention concerns a 
copper-based alloy having a composition of 58.0 to 
63.0% of Cu, 0.5 to 4.5% of Pb, 0.05 to 0.25% of P. 0.5 
to 3.0% of Sn, 0.05 to 0.30% of Ni, 0.02 to 0.15% of Ti, 

is and the balance of Zn and inevitable impurities (weight 
%) and having the ratio of P and Sn so adjusted as to 
satisfy the expression, P (%) x 10 = (2.8 to 3.98) (%) - 
Sn (%). 

[0011] The copper-based alloy of this invention is 

20 produced by extruding a relevant cast billet, heat-treat- 
ing the product of. extrusion in a temperature region of 
475 to 600°C for a period in the range of 1 to 5 hours, 
then subjecting the heat-treated product to a plastic 
processing by a drawing work performed at a ratio of 

25 reduction of area in the range of 1 0 to 30% for the pur- 
pose of exalting material strength, heating the plasti- 
cized product at a temperature in the range of 250 to 
400°C for a period in the range of 1 to 5 hours, and per- 
forming a heat treatment of air cooling or furnace cool- 

30 ing on the resultant product. By this method of 
manufacture, it is made possible to obtain a copper- 
based alloy which excels in stress-corrosion cracking 
resistance because the method thoroughly performs the 
adjustment of material (tensile strength not less than 

35 400 N/mm 2 , elongation not less than 25%, and hard- 
ness not less than Hv 100) and the treatment for 
removal of residual stress. 

[0012] In the case of extruding the alloy of this 
invention mentioned above, by lowering the heating 
40 temperature of the billet to a level of not more than 
680°C prior to the extrusion, thereby uniformly frag- 
menting the crystal grains of the texture, of the bar 
material to a diameter of not more than 20 jim, the cop- 
per-based alloy to be produced is enabled to acquire an 
45 excellent hot processing property. 

[0013] The copper-based alloy mentioned above 
owns the hot forging property which is inherent in a Pb- 
containing brass, exhibits an excellent dezincrfication 
corrosion resistance, and fits the work of hot process- 
so ing! This alloy further abounds in economy because the 
use of P for the sake of improving corrosion resistance 
results in further lowering the cost of raw material. 
[0014] A drawing work and a heat treatment addi- 
tionally performed suitably allow the copper-based alloy 
55 to exhibit stress-corrosion cracking resistance effec- 
tively. 

[0015] According to this invention, therefore, it has 
become possible to provide a copper-based alloy which 
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manifests an excellent effect in dezincification corrosion 
resistance, stress-corrosion cracking resistance, and 
hot processing property and abounds in economy as 
well. 

[0016] The copper-based alloy of this invention 5 
excels in respect of strength besides excelling in corro- 
sion resistance, hot processing property, and stress- 
corrosion cracking resistance as described above. 
When this alloy is used, for example, for valves, taps, 
and parts thereof which need prescribed magnitudes of io 
pressure resistance as pressure vessels, therefore, it 
allows these vessels to decrease their wall thicknesses 
as compared with the vessels of the conventional alloy. 
Further, it enjoys highly satisfactory workability as com- 
pared with the conventional alloy because it excels in is 
susceptibility to the cutting work and therefore permits a 
reduction in the time required for the work of cutting per- 
formed thereon and further because it manifests a high 
hot processing property and therefore permits a cut in 
the time required for the work of processing performed 20 
thereon. 

Brief Description of the Drawings 

[0017] 25 

Fig. 1 is a graph showing the relation between the 
content of P and the rate of progress of dezincifica- 
tion corrosion. 

Fig. 2 is a graph showing the relation between the 30 
content of Sn and the rate of progress of dezincifi- 
cation corrosion. 

Fig. 3 is a graph showing the relation between the 
contents of P and Sn and the rate of progress of 
dezincification corrosion. 35 
Fig. 4 is a graph showing the depth of dezincifica- 
tion relative to the time of retention during the work 
of annealing (performed at 500°C). 
Fig. 5 is a graph showing the relation between the 
extruding temperature and the diameter of crystal 40 
grains. 

Fig. 6 is a table showing the results of a test for forg- 
ing property. 

Fig. 7 is a table showing the results of a test for dez- 
incification corrosion resistance and a test for hot 45 
forging property. 

Fig. 8 is a table showing the results of a test for 
stress-corrosion cracking and a measurement of 
mechanical properties. 

Fig. 9 is a copy of the micrograph of a sample so 

obtained by performing an ISO type dezincification 

corrosion test on the material of this invention 

(Sample No. 7 shown in Fig. 7). 

Fig. 10 is a copy of the micrograph of a sample 

obtained by performing an ISO type dezincification 55 

corrosion test on the material of this invention 

(Sample No. 8 shown in Fig. 7). 

Fig. 11 is a copy of the micrograph of a sample 



obtained by performing an ISO type dezincification 
corrosion test on a valve part produced by forging a 
conventional forging grade brass bar specified by 
JISC3771. 

Fig. 12 is a copy of the micrograph of a sample 
obtained by perform ir g an ISO type dezincification 
corrosion test on a part produced by working a con- 
ventional free-cutting brass bar specified by J IS 
C3604. 

Fig. 13 is a copy of the photograph of the appear- 
ance of a forged product (valve part) using the 
material of this invention (Sample No. 7 shown in 
Fig. 7). 

Fig. 1 4 is a copy of the photograph of a forged prod- 
uct (valve part) using Sample No. 12 shown in Fig. 
7, in a state sustaining a crack on the surface 
thereof. 

Fig. 1 5 (a) is a copy of the photograph of two sam- 
ples of the extruded product using the material of 
this invention, one of the samples sustaining no 
crack (extrusion 550°C x 3.0 Hr annealing ~> draw- 
ing -» 350°C x 3.0 Hr annealing) and the other 
sample sustaining a crack (extrusion 550°C x 3.0 
Hr annealing -> drawing), and Fig. 15 (b) is an 
explanatory diagram of the photographed samples. 
Fig. 16 is an explanatory diagram illustrating a tool 
used for the stress-corrosion cracking test per- 
formed under pressure. 

Fig. 17 is an explanatory diagram illustrating a proc- 
ess for the production of Sample 

U) 

of the alloy of this invention. 
Fig. 18 is an explanatory diagram illustrating a proc- 
ess for the production of Sample 

(n) 

of the alloy of this invention. 

Fig. 19 is an explanatory diagram illustrating a proc- 
ess for the production of Sample 

(^) 

of the alloy of this invention. 

Best Mode for Embodying the Invention 

[0018] The range of composition of the copper- 
based alloy according to this invention and the reason 
therefor will be described below. 
[0019] Cu: Though an increase in the amount of Cu 
results in exalting the dezincification corrosion resist- 
ance of the alloy, Cu has a higher unit price than Zn. In 
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consideration of the desirability of repressing the cost of 
raw materials and the excellence of the hot forging prop- 
erty forming the primary target of this invention, the pro- 
portion of Cu in the composition of the alloy is set at a 
range of 58.0 to 63.0%. Particularly, the range of 60 0 to 
61.5% has been found to bring satisfactory results. 
[0020] Pb: The alloy incorporates Pb therein for the 
purpose of enabling the forged product thereof to be 
improved in the susceptibility to the cutting work. If the 
proportion of Pb is less than 0.5%, the produced alloy 
will fairto acquire fully sMiSfactbf y su^eW 
cutting work. If Pb is incorporated in an unduly large 
amount, the produced alloy will be deficient in tensile 
strength, elongation, impact value, etc. Thus, the range 
for the proportion of Pb is set at 0.5 to 4.5%. Particularly, 
the range of 1.7 to 2.4% has been found to bring satis- 
factory results. 

[0021] P: The alloy incorporates P therein for the 
purpose of acquiring improved dezincif ication corrosion 
resistance. The alloy gains in dezincif ication corrosion 
resistance in proportion as the amount of P added is 
increased as shown in Fig. 1 . If the P content increases, 
however, the compound Cu 3 P to be formed between P 
and copper will be precipitated in the boundary of crys- 
tal grains. Since this compound is hard, brittle, and lia- 
ble to melt during the work of hot processing, it tends to 
cause the alloy to sustain hot cracking during the work 
of extrusion or hot forging. The range of the proportion 
of P is set at 0.05 to 0.25% because it satisfies the dez- 
incification corrosion resistance which is the primary 
target of the alloy of this invention. Particularly, the 
range of proportion of 0.07 to 0.10% which has no 
adverse effect on the hot forging property has been 
found to bring satisfactory results. 
[0022] Sn: The alloy incorporates Sn therein for the 
purpose of acquiring improved dezincif ication corrosion 
resistance. Fig. 2 is a graph showing the relation 
between the Sn content (%) and the corrosion. Particu- 
larly, the simultaneous addition of Sn and P proves 
more effective. Fig. 3 is a graph showing the change of 
corrosion due to the simultaneous addition of P and Sn. 
[0023] Sn has a higher unit price than Zn. It is 
appropriate, therefore, to lower the proportion of Sn in 
view of the cost of raw materials. In consideration of the 
synergistic effect manifested by Sn in combination with 
Cu and P, i.e. the components effective in resisting dez- 
incif ication corrosion, the range of the proportion of Sn, 
0.5 to 3.0%, in which this element manifests the dezinci- 
f ication corrosion resistance most favorably, has been 
adopted. It has been confirmed that the produced alloy 
particularly excels in dezincification corrosion resist- 
ance when the ratio of P and Sn involved in the inven- 
tion set forth in claim 3 conforms to the formula. 
P (%) x 10 = (2.8 to 3.98) (%) - SN (%) . Further, the 
range of the proportion of Sn, 1 .0 to 2.5%, brings partic- 
ularly favorable results. Particularly, the proportion of P 
that satisfies the formula, P (%) x 10 = (2.8 to 3.2) (%) - 
SN (%), proves favorable in consideration of the fact that 



the hot forging property of the alloy is impaired when the 
proportion of P is unduly large and the alloy entails 
excessive precipitation of the y phase when the propor- 
tion of Sn is unduly large. 

5 [0024] Ni: The incorporation of Ni in the alloy is 
directly effective in enabling the alloy to resist dezincifi- 
cation corrosion. This element allows the texture of the 
alloy in the form of an ingot to be uniformly fragmented 
and, after the ingot has been processed as by extrusion 

w and forging, enables the processed alloy to acquire a 
'uniformly fine texture, *and manifests consequent! y~an 
effect in preventing the alloy from dezincification corro- 
sion. The range of the proportion of Ni, therefore, has 
been set at 0.05 to 0.30%. Particularly, the range of 0.05 

/5 to 0.10% has been found to bring satisfactory results. 
[0025] Ti: The alloy incorporates Ti therein for the 
purpose of promoting the effect of uniformly fragment- 
ing the texture thereof by virtue of the synergistic effect 
manifested between Ti and Ni. 

20 [0026] Inevitable impurities: From the viewpoint of 
the production, the total proportion of the inevitable 
impurities including Fe, for example, is preferred to be 
not more than 0.8%. This range is manageable without 
resorting to any special process so long as the ordinary 

25 brass material is manufactured within the range speci- 
fied by the known JIS specification. 
[0027] Now, the method for producing a copper- 
based alloy having component elements adjusted in the 
range contemplated by this invention will be described 

30 below. 

[0028] In this case, the copper-based alloy which is 
possessed of dezincification corrosion resistance can 
be produced at a low cost because the adjustment of 
components allows use of P, an inexpensive element. 

35 This element P even at a minute application rate is 
effective in resisting dezincification corrosion and is fur- 
ther capable of decreasing the amount of a similarly 
effective element Sn to be incorporated. 
[0029] This method of production begins at the step 

40 of casting a copper-based alloy having the component 
elements thereof adjusted within the range of percent- 
age composition of this invention to produce an ingot. 
Then, at the step of bar production, the ingot billet is 
extruded at a heating temperature of 700°C, for exam- 

45 pie, and cold-drawn to produce a bar material. Subse- 
quently, at the step of forging, this bar material is hot- 
forged at a heating temperature in the range of 650 to 
800°C to mold a product. Further, this product of forging 
is heat treated in a temperature region of 450 to 600°C 

so for a period in the range of 1 to 5 hours and air-cooled 
so as to effect thoroughly the adjustment of alloy texture 
and the removal of internal stress and produce conse- 
quently a copper-based alloy excelling in dezincification 
corrosion resistance. 

55 [0030] Another method of production comprises 
causing an ingot billet of copper-based alloy having the 
component elements thereof adjusted within the range 
of percentage composition contemplated by this inven- 
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tion to be hot-extruded at a heating temperature of 
700°C, for example, thereby making a bar material or a 
coil material, heat-treating the coil material at a temper- 
ature in the range of 475 to 600°C for a period of 1 to 5 
hours and air-cooling the resultant hot coil material, 5 
then subjecting the coil material to a drawing treatment 
at a ratio of reduction of area of 10 to 25%, thereby 
effecting a plastic processing, and further subjecting the 
drawn coil to an annealing treatment performed at a 
heating temperature of 250 to 400°C for a period of 1 to 70 
5 hours and followed by air cooling, thereby effecting 
material adjustment (tensile strength not less than 400 
N/mm 2 , elongation not less than 25%, and hardness not 
less than Hv 100) and thorough removal of internal 
stress. The copper-based alloy which is obtained by the 15 
method of production described above excels in dez- 
incification corrosion resistance and further exhibits 
high strength and an outstanding resistance to stress- 
corrosion cracking. 

[0031 ] Fig. 4 is a graph showing the results of a test 20 
for change in depth of dez indication relative to the 
retention time during the work of annealing. 
[0032] The ingot of copper-based alloy which has 
the component elements thereof adjusted in the range 
of percentage composition according to this invention is 25 
enabled to be improved in the hot processing property 
by extruding this ingot at as low a heating temperature 
as possible and consequently making the crystal grains 
of the texture of the bar material smaller. Fig. 5 is a 
graph showing the relation between the extruding tern- 30 
perature and the diameter of crystal grains and Fig. 6 is 
a graph showing the relation between the diameter of 
crystal grains and the forgeability. 
[0033] By these results, it is confirmed that when 
the billet is extruded at a lowered heating temperature of 35 
not more than 680°C at the step of extrusion, the crystal 
grains of the textures, a and p, of the bar material are 
uniformly fragmented and that owing to the uniform 
fragmentation, the alloy material to be produced excels 
in hot processing property, particularly in hot forging 40 
property. In this case, the hot forging property becomes 
fully satisfactory when the crystal grains have a diame- 
ter of not more than about 20 urn. The results of a test 
demonstrate that the diameter of not more than 1 5 
proves especially favorable. 45 
[0034] Now, working examples of application of 
copper-based alloys of this invention and comparative 
examples will be described below. The results of a test 
for dezincif ication corrosion resistance and a test for hot 
forging property performed on the relevant samples are so 
shown in Fig. 7. 

[0035] The samples for the tests were produced by 
the known method mentioned above. First, bar materi- 
als 25 mm in diameter were produced by causing ingot 
billets 250 mm in diameter manufactured by the contin- 55 
uous casting method to be extruded by the use of a hot 
extruding device at an extruding temperature of 700°C. 
The bar materials were subsequently subjected to a 
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drawing treatment at a ratio of reduction of area of 
12.5%. 

[0036] Test for forging property: An industrial valve 
part made of the bar material mentioned above was 
tested for moldability by forging. The valve part was hot- 
forged at a forging temperature of 700°C and then visu- 
ally examined to confirm the outward appearance and 
the possible infliction of cracks or wrinkles on the sur- 
face layer. As means for the confirmation, a stereo- 
scopic microscope capable of 10 magnifications was 
used. As respects the comparison of moldability, a 
forged product using the known J IS C3771 (Sample No. 
1) material was used as the standard of the state of 
molding. The samples found equivalent to the standard 
were indicated with a circle mark, 0» and samples 
found inferior thereto with a cross mark, X. 
[0037] Test for dezincrfication corrosion resistance: 
The samples of valve part obtained after the aforemen- 
tioned forging were subjected to a heat treatment con- 
sisting of standing under the conditions of 550°C x 5.0 
hrs and air-cooling to effect adjustment of forged texture 
and removal of internal stress. The test for dezincif ica- 
tion corrosion resistance was carried out based on the 
method of the ISO type dezincif ication test. This method 
comprised finishing the surface of a given test piece 
with an emery paper No. 1000, washing the polished 
sample with ethanol, immersing the washed sample in 
an aqueous 1% cupric chloride solution at 75 ± 3°C in 
such a manner that the amount thereof would be not 
less than 2.5 ml/mm 2 of sample surface area, and 
retaining the sample in the immersed state for 24 hours. 
The sample which had undergone the immersing treat- 
ment was measured for the depth of dezincif ication from 
the surface. The dezincif ication corrosion resistance 
was rated by the depth of dezincrfication on the three- 
point scale, wherein @ stands for a depth of not more 
than 75 jim, O ft> r a depth in the range of 75 to 200 um, 
and X for a depth of not less than 200 um. 
[0038] The details of the results of test shown in 
Fig. 7 will be described below. 

[0039] Sample No. 1 was deficient in dezincrfication 
resistance because it had an unduly low Cu content and 
contained virtually no P or Sn. Samples No. 2 to No. 4 
showed fine dezincification corrosion resistance 
because they contained 0.09 to 0.10% of P, but showed 
unsatisfactory forgeability because it had an unduly 
high Cu content. Sample No. 5 was deficient in dezinci- 
fication corrosion resistance because it contained no 
Sn. Sample No. 6 was deficient in dezincification corro- 
sion resistance because it contained no P. Samples No. 
7 to No. 12 showed satisfactory dezincification corro- 
sion resistance because they had P and Sn contents of 
2.81 - 3.98 as calculated from the formula of 
P (%) x 10 + Sn (%) . While Samples No. 7 to No. 10 
excelled in forgeability as well. Samples No. 11 and No. 
12 sustained cracks due to hot forging because they 
had unduly high P contents. Samples No. 13 to No. 15 
showed satisfactory forgeability because they had low 
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Cu contents and did not show fine dezincification corro- 
sion resistance because they had unduly low Sn con- 
tents. 

[0040] From the results discussed above, it is clear 
that Samples No. 7 to No. 10 answering the formula, 5 
P (%) x 10 + Sn (%) = 2.81 to 3.98, excelled in both 
dezincification corrosion resistance and hot forging 
property. Since an unduly high Sn content has the pos- 
sibility of inducing heavy precipitation of the y phase in 
the alloy texture, Sample No. 10 had an Sn content of io 
2.98%. 

[0041] It is concluded, therefore, that Samples No. 
7 to No. 1 0 which answered the formula, P (%) x 10 + Sn 
(%) = 2.81 to 3.98, were fully satisfactory. Particularly, it 
has been confirmed that where P (%) = 0.07 to 0.10, the is 
formula, P (%) x 10 + Sn (%) = 2.8 to 3.2 , proves favo- 
rable. 

[0042] Fig. 11 (Sample No. 1 in Fig. 7) is a copy of 
the photograph of a corroded part which appeared on 
the sample obtained by hot-forging the known forging 20 
brass bar (J IS C3771) after the sample had undergone 
the ISO-6509 type test for dezincification corrosion 
resistance. From the photograph, the occurrence of lay- 
ers of dezincification corrosion, about 1000 jam to 1400 
|im in depth, is confirmed. The results of the same test 25 
performed on a free-cutting brass bar (J IS C3604) are 
shown in Fig. 12. From this Figure, the occurrence of 
layers of dezincification corrosion, 1000 urn to 1400 urn 
in depth, is confirmed similarly in Fig. 1 1 . 
[0043] Fig. 9 (Sample No. 7 in Fig. 7) and Fig. 10 30 
(Sample No. 8 in Fig. 7) are each a copy of the photo- 
graph of the results of a test for corrosion performed in 
accordance with the ISO-6509 type dezincification cor- 
rosion testing method on a sample produced by subject- 
ing the forging brass bar of this invention to a hot forging 35 
and heat treatment. It is clearly noted from these results 
that the samples showed virtually no sign of corrosion 
and proved satisfactory in corrosion resistance as 
evinced by depths much smaller than 75 urn as a crite- 
rion for rating. The data demonstrate that the alloy of 40 
this invention is a copper-based alloy capable of mani- 
festing an excellent effect in resisting dezincification 
corrosion. 

[0044] Fig. 13 depicts a sample of the valve part 
obtained by forging the copper-based alloy of Sample 45 
No. 7 (P 0.10%) of this invention shown in Fig. 7 at a 
heating temperature of 720°C. The appearance was 
examined by visual observation and by the use of a ster- 
eoscopic microscope capable of 10 magnifications to 
determine the presence or absence of defects such as 50 
cracks in the surface layer. By the test results, the sam- 
ple was found to be satisfactory as evinced by the 
absence of any discernible sign of defects such as 
cracks. 

[0045] Fig. 14 depicts a sample of the valve part 55 
obtained by forging the sample material of Comparative 
Example No. 12 (P 0.18%) shown in Fig. 7 at a forging 
temperature of 720°C. The sample sustained a crack in 



the surface layer. The occurrence of this crack was due 
to an unduly high P content of the alloy. The results indi- 
cate that the hot processing property becomes unsatis- 
factory when the P content is 0.18%. 
[0046] The test examples and the working exam- 
ples for demonstrating the excellence of the alloy of this 
invention in resistance to stress-corrosion cracking will 
be described below. 

[0047] When the copper-based alloy of this inven- 
tion is to be manufactured into a free-cutting material, 
the standard process possibly proceeds through either 
the course of "annealing -> shipping" or the course of 
"annealing -> drawing -> shipping," after the hot extru- 
sion of the billet as illustrated in Fig. 17 to Fig. 19, 
depending on the shape, size and other similar factors 
of the relevant bar material. Further, the course of 
"annealing — > drawing -» annealing shipping" illus- 
trated in Fig. 19 is now proposed by this invention. The 
bar materials produced by the methods using these 
three different courses were tested for stress cracking 
and other properties. Fig. 8 illustrates the samples and 
the processes involved. 

[0048] The methods used for the production of the 
samples will be described below. For the tests, straight 
bar materials of Sample 

u: 

1 6mm in diameter and coil materials of Samples 
and 

(^) 

18.2 mm in diameter, were produced by hot-extruding 
billets measuring 250 mm in diameter and having the 
same composition as Sample No. 7 shown in Fig. 7. The 
sample 

<>r> 

shown in Fig. 8 was obtained by subjecting the bar 
material 16 mm in diameter resulting from the hot extru- 
sion to a heat treatment which consisted of standing at 
550°C x 3.0 hrs and air cooling. The sample 

(1=0 

was obtained, in accordance with the process of Fig. 18, 
by subjecting the coil material resulting from the hot 
extrusion to a heat treatment which consisted of stand- 
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ing at 550°C x 3.0 hrs and air cooling, then drawing the 
hot-extruded material into a bar 16 mm in diameter, and 
working and plastic-working the drawn material into pre- 
determined dimensions. Further, the sample 

<~) 

shown in Fig. 8 was obtained, in accordance with the 
process of Fig. 19, by subjecting the coil material result- 
ing from the hot extrusion to a heat treatment which 
consisted of standing at 550°C x 3.0 hrs and air cooling, 
then working and plastic-working the product of this 
heat treatment by the drawing process into predeter- 
mined dimensions, and subjecting the drawn material to 
a heat treatment which consisted of standing at 350°C x 
3.0 hrs and air cooling. The samples 

(n) 

and 

both had a ratio of reduction of area of 22.7%. The sam- 
ples produced by the three processes mentioned above 
were tested for stress-corrosion cracking and mechani- 
cal properties. 

[0049] The results of the tests and the evaluations 
thereof are shown in Fig. 8. 

[0050] Test for stress-corrosion cracking: The test 
of a bar material as it is for stress-corrosion cracking 
was carried out in accordance with the season cracking 
test specified in J IS H3250. A length, 80 mm, cut from a 
given sample bar material of the varying process men- 
tioned above was degreased, dried, then placed in a 
desiccator holding a pool of a 14% aqua ammonia on 
the bottom thereof, and left standing in the atmosphere 
of ammonia at room temperature for two hours. The 
sample which had undergone the test was cleaned with 
an aqueous 1 0% sulfuric acid solution, further washed 
with water, thoroughly dried, and visually examined in 
search of a surface crack. The test for stress-corrosion 
cracking under application of pressure was carried out 
by preparing a testing tool constructed as shown in Fig. 
16, setting a given sample in the testing tool, placing the 
sample as set in the testing tool in the same desiccator 
holding a pool of a 14% aqua ammonia as used in the 
test mentioned above, retaining the sample therein for 
two hours, and thereafter cleaning the sample in the 
same manner as in the test mentioned above, and visu- 
ally examining the cleaned sample in search of a sur- 
face crack. A sample bearing a discernible sign of crack 
was labeled with a cross (X) mark and a sample bearing 
no discernible sign of crack was labeled with a circle 
(O). 



[0051] Now, the results of the test of the copper- 
based alloy of this invention for mechanical properties 
and the test thereof for stress-corrosion cracking and 
the evaluations thereof shown in Fig. 8 will be described 
5 below. 

[0052] The sample 

u ) 

10 

in the form of a bar material as extruded did not sustain 
any stress-corrosion crack but sustained a crack in the 
test performed under application of pressure. This 
behavior of the sample 

75 

<-n 

may be logically explained by a supposition that the 
20 sample was so deficient in material strength as to yield 
to the pressure applied, sustain minute plastic deforma- 
tions, and suffer to retain residual internal stress in the 
minute plastic deformations, and sustain eventually the 
crack. 

25 [0053] The bar material of the sample 

(CT) 

30 sustained a crack in any of the tests performed under 
application of pressure. The residue of the large internal 
energy inflicted on the sample by the drawing work was 
responsible for the crack. The large internal stress 
which persisted because of high rigidity and poor tough- 

35 ness and because of the fact the internal stress was 
exerted during the application of pressure gave rise to 
the crack. 

[0054] Then, the sample 

(^) 

sustained no crack in either the test performed on a bar 
material or the test performed under application of pres- 

45 sure. This sample was enabled to gain in material 
strength by the plastic working effected by the drawing 
work and then converted into a material of high strength 
by the subsequent work of stress relief annealing which 
was intended to remove internal stress. This material, 

so consequently, acquired a high threshold value enough 
to resist the fracture due to an externally exerted stress. 
Thus, it could withstand the stress exerted during the 
application of pressure and did not sustain any crack. 
The results demonstrate that the treatments adopted in 

55 the same process as in the production of the sample 
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(^) 



afford a product which excels in dezincification corro- 
sion resistance and in stress-corrosion cracking resist- 
ance as well. The copy of photograph found in Fig. 15 
(a) shows the results of the test for stress-corrosion 
cracking performed in a 14% aqua ammonia for two 
hours. 

[0055] From the results described above, it can be 
concluded that the copper-based alloy according to this 
invention which is produced by a process of extrusion 
heat treatment (standing at 475 to 660°C for 1 .0 to 5.0 
hours and air cooling) -> drawing work (ratio of reduc- 
tion of area 10 to 30%) heat treatment (standing at 
250 to 400°C for 1 .0 to 3.0 hours and air cooling or fur- 
nace cooling) excels in dezincification corrosion resist- 
ance and stress-corrosion cracking resistance as well. 
[0056] As described above, therefore, the copper- 
based alloy according to this invention can be exten- 
sively applied to mechanical members such as hose 
nipple parts and other similar caulking assembly parts, 
valve stems and disks which are destined to be exposed 
to stress and used in corrosive aqueous solutions. 

Industrial Applicability 

[0057] It is clear from the description given above 
that the copper-cased alloy of this invention can be 
extensively applied to materials such as for valves, 
valve bodies, stems, disks and other valve parts, build- 
ing materials, materials for machinal members for elec- 
trical, mechanical, marine and automotive 
engineerings, and materials for plant members handling 
salt water, which require to offer resistance to dezincifi- 
cation corrosion. 

[0058] As concrete examples of the members or 
parts for which the copper-based alloy of this invention 
is suitably used as raw materials, water-contacting parts 
of valves and water faucets, specifically ball valves, hol- 
low balls for ball valves, butterfly valves, gate valves, 
globe valves, check valves, hydrants, mounting brackets 
for hot-water suppliers and hot-water cleaning toilet 
seats, water supply pipes, connecting pipes, pipe joints, 
coolant pipes, electric hot-water supply parts (casings, 
gas nozzles, pump parts, burners, etc.), strainers, parts 
for water meters, parts for water supply, medium water 
supply and sewage systems, draining plugs, elbows 
bellows, connecting flanges for toilet seats, spindles, 
joints, headers, branching plugs, hose nipples, auxiliary 
brackets for water faucets, waterstop plugs, supplies for 
water feeding and draining plugs, mounting brackets for 
sanitary ceramics, connecting pieces for shower hoses, 
gas appliances, doors, knobs, and other building mate- 
rials and household electric appliances may be cited. 
Further, the copper-based alloy can be applied to raw 



materials, intermediate products, final products and 
assemblies such as toilet articles, kitchen utensils, bath- 
room accessories, washroom utensils, furniture parts, 
living room articles, sprinkler parts, door parts, gate 

5 parts, automatic vendor parts, washing machine parts, 
air conditioner parts, gas welder parts, heat exchanger 
parts, solar heat hot- water supply parts, metal dies and 
parts thereof, bearings, toothed wheels, constructional 
machine parts, parts for rolling stock, and transport 

10 machine parts, for example. 

Claims 

1. A copper-based alloy having a composition of 58.0 
75 to 63.0% of Cu, 0.5 to 4.5% of Pb, 0.05 to 0.25% of 

P. 0.5 to 3.0% of Sn, 0.05 to 0.30% of Ni, and the 
balance of Zn and inevitable impurities (weight %), 
having a texture uniformly fragmented to acquire 
excellent corrosion resistance and hot working 

20 property, having undergone a proper drawing work 
and heat treatment to be exalted in mechanical 
properties including tensile strength, proof strength 
and elongation, and having internal stress thor- 
oughly removed to excel in stress-corrosion crack- 

25 ing resistance. 

2. A copper-based alloy having a composition of 58.0 
to 63.0% of Cu, 0.5 to 4.5% of Pb, 0.05 to 0.25% of 
R 0.5 to 3.0% of Sn, 0.05 to 0.30% of Ni. 0.02 to 

30 0.15% of Ti, and the balance of Zn and inevitable 
impurities (weight %), having a texture uniformly 
fragmented to acquire excellent corrosion resist- 
ance and hot working property, having undergone a 
proper drawing work and heat treatment to be 

35 exalted in mechanical properties including tensile 
strength, proof strength and elongation, and having 
internal stress thoroughly removed to excel in 
stress-corrosion cracking resistance. 

40 3. A copper-based alloy according to claim 1 or claim 
2, wherein a percentage ratio of P and Sn satisfies 
the formula of P (%) x 10 = (2.8 to 3.98) (%) - Sn 
(%). 

45 4. A copper-based alloy according to any one of 
claims 1 to 3, wherein it has a quality excelling in 
mechanical property, corrosion resistance and hot 
working property and acquired by controlling a step 
of extrusion to adjust a metal texture and repress a 

so diameter of crystal grains below an approximate 
average of 20 ^m. 

5. A copper-based alloy according to claim 4, wherein 
the quality excelling in hot working property is 
55 acquired by extruding a billet resulting from extru- 
sion of the alloy at a heating temperature of not 
more than 680°C to fragment crystal grains of a bar 
material in a uniform diameter. 
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6. A method for the production of a copper-based alloy 
set forth in claim 1 or claim 2, which method is char- 
acterized by the steps of extruding a cast billet, then 
subjecting the product of extrusion to a heat treat- 
ment performed in a temperature region of 475 to 5 
600°C for a period of 1 to 5 hours, performing on 
the resultant heat-treated product a plastic process- 
ing by a work of drawing at a ratio of reduction of 
area in the range of 10 to 30% thereby exalting 
material strength, and thereafter subjecting the w 
drawn material to a heat treatment consisting of 
standing at 250 to 400°C for 1 to 5 hours and air 
cooling or furnace cooling, thereby effecting mate- 
rial adjustment and removal of residual stress thor- 
oughly and affording a copper-based alloy having a 15 
quality excelling in stress-corrosion cracking resist- 
ance. 
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Fig.1. 

Relation between content of P and rate 
of progress of dezincification corrosion 
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Fig. 5. 



Relation between extruding temperature 
and diameter of crystal grains 



o O 
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Fig.6. 



Results of test for forging property 



No. 


Extruding 
temperature 
(°C) 


Extruding 
point 


Material 
texture 
G/S(nm) 


Test for elongation in forging 


Appraisal 


680°C 


720°C 


760°C 


800°C 


1 


770 


Head 


21.8 


C 


X 


B 


X 


B 


O 


D 


X 


Middle 


19.2 


C 


A 


A 


D 


End 


19.8 


C 


C 


A 


D 


2 


650 


Head 


13.1 


A 


O 


A 


o 


B 


O 


B 


A 


Middle 


13.7 


A 


A 


A 


B 


End 


12.5 


A 


A 


A 


B 





0 34 



26 



Swaging forging 

76% 
Ratio of swaging 



Il|6.25 



A B C D E 



Appraisal 
A : good (with no crack or roughness) 
B : rough (with no crack) 
C : with small cracks 
D : with cracks 
E : with large cracks 
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Fig.9. 



With no dezineif ieation corrosion 
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Fig. 13. 




Fig. 14. 
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Fig -15(a). Fig .15(b). 




Fig. 16. 
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